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Materials Science Engineering

Main Topic

& Classification of Engineering

Materials
& Levels of Structure

& Comprehension Exercises







Unit 1

Materials Science Engineering

The technical term " materials science engineering " needs some elucidation for the beginner.
The word " materials " here does not refer to all matter in the Universe. If this were so, it would
include all the physical sciences and the life sciences from astronomy to zoology! By including
the word inanimate in the definition, we can exclude the life sciences from our purview. Further,
we can restrict the definition only to matter useful to mankind. Even here, the range is too broad
for the purposes of the engineer. For example, we can list a large number of things useful to
man, such as food, medicines, explosives, chemicals, water, steel, plastics and concrete, only a
few of which qualify as engineering materials. We have then to be more specific, and define
materials as that part of inanimate matter which is useful to the engineer in the practice of his
profession. In the currently understood sense of the term, materials refer only to solid materials,
even though it is possible to quote a number of examples of liquid and gaseous materials such as
sulphuric acid and steam, that are useful to the engineer.

The word " science " in the technical term refers to the physical sciences, in particular to
chemistry and physics. As we confine ourselves mainly to solids in materials science, the subject
is related to solid state chemistry and solid state physics. The word " engineering " indicates that
the engineering usefulness of the matter under study is always kept in mind, irrespective of
whether the basic laws of science can be rigorously applied or not. Where the basic laws cannot
be applied, the materials engineer does not give up what is important to him from a practical
point of view. He uses the best possible approximation, develops empirical rules and
extrapolates available information to unknown situations. In this respect, materials science and
engineering draw heavily from the engineering sciences such as metallurgy, ceramics and
polymer science. These, in their own time, have grown out of their interaction with the basic
sciences of chemistry and physics.

Classification of Engineering Materials

Having defined the limits of materials that come under our purview, we can classify them in
three broad groups according to their nature:

(i) metals and alloys

(i) ceramics and glasses

(iii) organic polymers

Metals are familiar objects with a characteristic appearance, are capable of changing their
shape permanently and have good thermal and electrical conductivity. An alloy is a combination
of more than one metal. Ceramics and glasses are nonmetallic inorganic substances, which are
brittle and have good thermal and electrical insulating properties. Organic polymers are
relatively inert and light and generally have a high degree of plasticity. Fig.1-1 lists typical
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examples from each of these three groups of materials. In addition, a number of examples of
materials which are composites made up of two groups are also shown.

Materials can be classified in an alternative way, according to the major areas in which they
are used. These areas are:

(i) structures;

(it) machines; and

(iii) devices.

Structures (not to be confused with the internal structure of a material) refer to the objects
without moving parts erected by engineers, such as a concrete dam, a steel melting furnace, a
suspension bridge and an oil refinery tower. Machines include lathes, steam and gas turbines,
engines, electric motors and generators. Devices are the most recent addition to engineering
materials and refer to such innovations as a transistor, a photoelectric cell, piezoelectric
pressure gauges, ceramic magnets and lasers.

METALS AND ALLOYS

| Steels, aluminum, copper, silver, gold

Brasses, bronzes, manganin, invar

ACSR conductors

Superalloys

ORGANIC POLYMERS

CERAMICS AND GLASSES

Plastics: PVC, PTFE, polyethylene

MgO, Cas. ZnO, SIC, BaTiO3

o o
Silica, soda-limeston concrete, cement Fibres: terylene, nylon, cotto

Ferrites and garnets Natural and synthetic rubbers
eri

Leather

Ruby laser

Fibre-reinforced plastics

Carbon-reinforced rubber

Fig 1-1. The three major groups of engineering materials.

Invariably, in each category of applications, we find materials from all the three groups
described above. To give some examples, an aircraft structure is built of aluminium alloys and
plastics; a steel melting furnace is built of refractory oxides and structural steel; safety helmets
are made of glass-reinforced plastics. We have metal-oxide semiconductors. The block diagram
in Fig.1-2 depicts this interplay between material groups and categories of applications.
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Levels of Structure

The internal structure of a material, simply called the structure, can be studied at various
levels of observation. The magnification and the resolution of the physical aid used are a
measure of the level of observation. The higher is the magnification,

METALS AND ALLOYS

CERAMICS AND GLASSES

POLYMERS

T~

ENGINEERING MATERIALS

APPLICATIONS

STRUCTURES

MACHINES

/

DEVICES

Fig. 1-2. Each category of engineering application requires materials from any or all of the three groups of materials.
finer is the level. The details that are disclosed at a certain level of observation are generally
different from the details disclosed at some other level. Henry Sorby was one of the first to
realize this, when he wrote in 1886: "Though | had studied the microscopical structure of iron
and steel for many years, it was not until last autumn that | employed what may be called high
powers. This was partly because | did not see how this could be satisfactorily done, and partly

because it seemed to me unnecessary."

Depending on the level, we can classify the structure of materials as:

Macrostructure,
Microstructure,
Substructure,

Crystal structure,
Electronic structure, and
Nuclear structure.
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Comprehension Exercises

A. Put “T” for true and “F” for false statements. Justify you answers.

1. The word ‘materials’ in the passage refers to all matters in the universe.

2. The word ‘science’ in the context refers to the physical sciences, in particular to chemistry
and physics.

3. An alloy is a substance of only one metal.

4. The word ‘structure’ used in the passage refers to the internal structure of a material.

5. It is true that polymer science, ceramics and metallurgy have originated from their
interaction with the basic sciences of chemistry and physics.

6. Materials can never be categorized according to their nature of major areas of application.

7. Sulphuric acid and steam are examples of liquid and gaseous materials.

8. The term material used in the passage excludes all sciences from astronomy to zoology.

9. The passage indicates that materials as part of animate matter qualify as engineering
materials.

10. Metals are unfamiliar objects if viewed as characteristic appearance.

B. Choose a, b, ¢, or d which best completes each item.
1. According to the passage, materials are classified as ............
a. organic polymers b.ceramics and glasses
c. metals and alloys d. all of the above
2. Materials engineering draws heavily on ............ .
a. astronomy
b. metallurgy, ceramics and polymer science
c. zoology
d. all inanimate materials
3. The major area(s) in which the engineering materials are used, as indicated by the
passage, are ............ .

a. structures b. machines c. devices d. all of the above
4. The passage indicates that metals are capable of changing their ............ permanently.
a. shape b. electrical conductivity
c. thermal conductivity d. plasticity
5. Glasses and ceramics are ............ substances.
a. non-metallic organic b. metallic inorganic
c. non-metallic inorganic d. metallic organic
6. It is pointed out that a steel melting furnace is built of ............ and structural steel.
a. aluminium alloys b. reinforced plastics
c. metal oxides d. refractory oxides
7. Organic polymers are relatively ............ .
a. light and inert b. heavy and inert
c. heavy but non-inert d. weighty
8. An aircraft structure is usually built of aluminium alloys and ............
a. elastics b. steel c. plastics d. structural steel
9. Safety helmets are made of ............ .
a. glass-nonreinforced plastics b. refractory materials

c. carbon-reinforced materials d. glass-reinforced plastics



\v > ‘s.a..a:u ub) ﬁ “

(0980 Dby yo
s blE b oo ) OlHle 45 ddd sl (yie 4 4z gl b -l
Lle -

Sy =Y
Lle -y
Lle -¥

Sy =0
Lle -¢

Sy =Y
lale -A
bl -4

Ll -\o

Sl plaS (o (30,5 JolS (gl 4 35 (2 e~
d-»
b-v
d-v
a-ft
C-0
d-#
a-v
C-A
d-a



L F

Materials Science Engineering A

alloy

amorphous
amorphous state
attractive force
beryllium

body- centered cubic
cadmium

ceramics

chemical properties
chlorine

chromium
close-packed hexagonal
concrete dam

covalent bond

creep

crystalline state
crystalline substances
crystalling geometry
crystallization
dendrites

dendritic crystal
diagrammatic
electrical conductivity
electric discharge tubes
electronegative
electropositive
elucidation
face-centered cubic
flaws

gas shield

gas turbines
generators

nucleus

oil refinery

organic polymers
photoecletric cell
piezoelectric pressure
pitch

polymeric (plastic) materials
polymer science
positively charged particles
primary bond

random formation
refractory orcides
resolution

rigid geometrical form
segregations
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geometric pattern
glass-reinforced plastics
grain boundriess
helmets

Inner shell

inorganic substances
inter-crystalline cracking
inter- crystalline movement
intermetallic compounds
intermolecular

ionic bond

ions

isotopes

laser

lathes

lattice structure
magnesium

magnetic

maghnification

materials engineer
materials science

metal dendrite
metallurgy
microscopical structure
mobility

molybdenum

negatively charged particles
neutrons

non - crystalline solids
non metallic

nucleation

nuclei

valency

Valency shell

viscosity

solidify

solid materials

solid state chemistry
solid state physics
solubility

space lattice

spherical

spherical particles
spikes

stable compound

steel melting furnace
tensile strength
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History of Metallurgy

Main Topic

& Metallurgy and Pyrotechny

& Comprehension Exercises







Unit 2

History of Metallurgy

Several references to man' s early uses of metals point to the fact that primitive man adapted
them to his own purposes. For example, there is reference to the early Iron Age, giving a glimpse

of man' s first venture into the mysterious world of ores and fire that he found and used-the ores
from underground and the fire from his own ingenious making. This passage relates:

Iron is taken out of the earth, and copper is smelted from the ore. Man Put an end to
darkness, and searched out to the farthest bound the ore in gloom and deep darkness. They
open shafts in a valley away from where men live:

they are forgotten by travelers, they hang a far from men, they swing to and fro. As for the
earth, out of it comes bread: but underneath it is turned up as by fire.

Going back much farther it is revealed from the writings and artifacts of prehistoric days that
cavemen 20,000 years ago worked with stone and bone to make their tools and weapons. Man
undoubtedly learned to use metals in a limited way not later than 5500 years ago when the
Egyptians made and wore copper beads and their rulers bathed in water conveyed by copper
pipe from the river Nile to their private pools. Copper nuggets and meteoric iron, as well as gold
and silver, were used; the gold, in the form of nuggets found exposed along the river beds, being
pounded into crude ornaments with a stone hammer. Unlike copper, gold did not harden
appreciably with this pounding, and man was therefore unable to use it for his tools. Native
silver was also used in rings, bracelets and other fine ornaments, but not to the extent of gold.
We have discovered that goldsmiths were among the first metal workers, as revealed by some of
the oldest archeological excavations in Egypt, Iran, Iraqg and Greece.

Fig. 2-1. Gold necklace Merlik. Iran, Ca., 12-1000 B.C. length 12-1/4 in. (Prints through courtesy of Smithsonian
Institute.)
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Man discovered the art of smelting ores to produce metals near the end of the Stone Age and,
from what we can learn, this discovery did not revolve merely about copper, the first industrial
metal, but actually engaged man in chemistry that revealed to him,

W

in rather quick sequence, the existence of silver, lead, tin,and probably iron. We find that tin
revealed itself as the ideal addition to bronze only after long and undoubtedly unintentional
trials with such impurities as antimony and arsenic.

The actual discovery of metals appears to have begun in the sixth millennium, as man- s uses
and recordings of them became reasonably well advanced by the year 2000 B.C. This did not
occur in only one locale or area, but through an area stretching from western and central
Anatolia (Turkey), across the flanks of the Taurus and Zagros mountains, over to the central
desert of Iran.

Fig. 2-3. Metals as art. (a) Bronze mountain deer. Length, 5.3 cm. (b) Bronze humped cow mounted on four wheels.
Length 11.5 cm. (c) Bronze oxen with yoke and plow. Overall length about 35 cm. These items are from the recent Marlik
excavations in Iran (about 1200-1000 B.C.) (Courtesy of Theodore A. Wertime.)
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Fig. 2-4. Bronze lion incense burner, Iran. Seljuk, 12t century. 11-3/8 in. long (Print through courtesy of Smithsonian
Institution.)

Fig. 2-5. Gold protoma of a lion. Ziwiye 7th century B.C. Weigh 57 g. (Print through courtesy of Smithsonian Institution.)
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Fig. 2-6. Bronze battle club, Iran, Luristan 7th — 8th century B.C. (Print through courtesy of Smithsonian Institution.)
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Metallurgy and Pyrotechny

When we look at the activities of early man from the viewpoint of metallurgy and pyrotechny,
we conclude that the smith of the late fourth millennium B.C. must have been remarkably
sophisticated in a practical way regarding the individual phenomena of metallurgy. He
undoubtedly knew the effects on metals of hammering, annealing, oxidation, melting, and
alloying ; he must have been aware of the phenomena of simple decomposition of ores, their
reduction, double decomposition, and metathesis (exchange of impurities), and he undoubtedly
knew something of the miscibility and immiscibility of solutions. Following his trail into these
arcane revelations is indeed an exciting, and occasionally a rather bewildering quest.

Study in the twentieth century of the early history of metallurgy has been hampered by a
rather singleminded attention to firing temperatures as the key to the first appearance of metals.
Thus, by this rather absurd reasoning, the Copper Age precedes the Iron Age by some 4000 or
5000 years, because copper melts at only 1083 C, whereas the melting point of iron is 1537 C.
However, early smiths viewed not one element at a single temperature, but the whole of matter
on an ascending scale of heat.

We can imagine the bafflement of the first men when they attempted smelting when we review
some facets of chemistry which would have seemed to them utterly contradictory. At 100C oxide
films first appear on some metals. At 330 C silver oxid and pyrites begin to decompose , while
pure tin and lead have melted. At 500C sulfide ores (in air) begin to roast, while cold worked
copper and bronze have fully recrystallized and become soft. It is also significant that at 600 C
clay pottery develops moderate hardness and some types begin to develop a vitreous finish. Some
glazes are molten at this temperature, but more heat is required for metallurgical slags to run
properly. At this or even at a lower temperature, it is relatively easy to reduce copper, lead, and
iron from pure oxide minerals by contact with charcoal; but the reduction of an ore is not
metallurgically practical unless the metal can be separated from the rocky impurities. This , of
course, requires that the metal be melted, and it is usually also necessary for the ore to reach a
temperature high enough to fuse the earthy matter contained in it. Common early slags for all
metals were composed of iron silicates or calcium-iron silicates melting at about 1200 C.
Copper, lead, and tin conveniently melt below the temperature of fusion of the slags; iron does
not melt when the slag does (its melting point when pure is 1539C), but even at a dull red heat it
is reduced to a metallic sponge which can easily be consolidated by hammering to weld the
particles together when the slag melts and can be expelled.
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Comprehension Exercises

A. Put “T” for true and “F” for false statements. Justify your answers.

1. According to the passage, the art of smelting ores to produce metals was discovered near
the end of stone age.

2. The real discovery of metals seems to have begun in the fourth millennium.

3. It is true that metals were practically well advanced by the year 2000 B.C. over the central
region of Iran.

4. The author indicates that Iron Age precedes copper Age.

5. As illustrated in Fig. 2-6, the ‘Bronze battle slub’, belonging to Luristan, Iran, is of 7" to 8™
century B.C.

6. The poetic reference in the passage traces the mysterious world of ores and fire to the post-
Iron Age.

B. Choose a, b, ¢, or d which best completes each item.
1. The quotation stated in the context highlights the fact that iron and copper ............
after their discovery.

a. are taken out of the earth

b. put an end to the darkness of mankind

c. are forgotten by travelers

d. are smelted from the ore

2. As revealed by prehistoric writings and artifact, cavemen worked with ............ to make
their tools and weapons some 20,000 years ago.

a. copper nuggets  b. iron and copper c. stone and bone d. meteoric iron
3. Some oldest archeological excavations made in Iran, Egypt, Irag, and Greece have
suggested that ............ were among the first metal workers in the world of metallurgy.

a. foundry workers b. clergymen

c. Egyptians d. goldsmiths
4. By a rather absurd reasoning one may presume that there is a time span between the
copper Age and Iron Age about ............ years.

a. 4000 to 5000 b. 3000 to 4000

c. 2000 to 3000 d. 5000 to 6000

5. The gold necklace illustrated in Fig. 2-1, and the large gold beaker shown in Fig. 2-2-
both excavated in Marlik-indicate a clear metallurgical development of the old civilization
1) S between 1000 and 1200 B.C.

a. Turkey b. Iraqg c. Egypt d. Iran
6. According to the artistic works illustrated in Figs. 2-1 through 2-6, the early man was
quite sophisticated in ............ work.

a. metallurgical and pyrotechnical b. ornamental

c. archeological d. excavatory

7. The passage implies but does not indicate directly directly that the early smiths were
aware of the effects of ............ .

a. impurities of ores

b. ascending scale of heat on ores

c. temperature of fusion of ores

d. decomposition of ores
8. Egyptian rulers bathed in water conveyed by copper pipe from the river Nile to their
private pools ............ years ago.

a. definitely 5500 b. more than 5500

c. less than 5500 d. about 5500
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